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Joel Rosenbaum was born and
grew up in Massena, New York
state, on the St Lawrence River
border with Ontario, Canada. He
received his undergraduate and
PhD degrees from Syracuse
University, and a Masters Degree in
high school biology teaching at St
Lawrence University. His PhD work
was done with the protozoologist,
George Holz Jr, and his post
doctoral research on cilia and
flagella was at the University Of
Chicago with Frank Child and
Hewson Swift. He has been at Yale
University for 37 years where he
has taught Cell Biology. His
research has been on the synthesis
and assembly of the proteins of
cilia and flagella, showing that the
flagellar axoneme assembles at the
distal tip and that detachment of
the flagella upregulates the genes
for flagellar proteins. More recently
his group has shown that this tip
assembly process is facilitated by a
rapid kinesin and cytoplasmic
dynein-mediated motility
underneath the flagellar membrane
called ‘intraflagellar transport’. He
is a runner with more than 20
marathons under his belt.
What turned you on to biology in
the first place? I fell into it pretty
much by accident. After graduating
from college, I decided to get a
degree to teach high school
biology out West where I could ski.
I was drafted and had to turn the
teaching job I had been offered
down, but took a temporary job as
a graduate teaching assistant at
Syracuse and was allowed to take
a few courses. It was a good time
to begin, because Watson and
Crick’s double-helix paper had
been published, and Paul
Zamecnik and his group at
MGH/Harvard were making
progress on protein synthesis in
vitro. I liked the courses I was
taking in biology, and the faculty,
and decided to stay for a PhD.
A summer at Woods Hole, where
I took the physiology course in
1959, was an important eye-opener
for me, as it has been for a great
number of today’s biologists. I met
my PhD mentors, George Holz and
Robert Loftfield (in Zamecnik’s
group) there, and Holz introduced
me to the ciliated protistan
Tetrahymena, on which I did my
PhD thesis (on the subcellular
localization of aminoacyl-t-RNA
synthetases). My summer at
Woods Hole was also good for me
as it indicated that I could compete
with students my age from the
great research institutions of the
world, on any level. I became
Director of the same physiology
course about 20 years later!
My post doctoral experience at
the University of Chicago was very
important for my career. There was
an exceptionally good group of
students and faculty there
interested in cell motility and the
cytoskeleton: Gary Borisy, Sid
Tamm, Mike Shelanski, Ed Taylor,
Peter Satir, Dick Weisenberg, Mark
Adelman, Dave DeRosier... I
worked with Frank Child, who had
just designed a good procedure for
isolating cilia from Tetrahymena in
Mazia’s lab, and I fortunately got
hold of a PhD thesis by David
Dubnau from Columbia University
on flagellar regeneration in the
protistan Ochromonas; that
became my model for doing
research on the assembly of cilia
and flagella. Dubnau never
published his thesis, even though it
was a marvelous piece of work. I’m
indebted to him.
What has kept your interest and
enthusiasm for science so
strong? I have never been bored
with what I have been doing, and I
have never reached a point in my
research where I could sit back and
say “well, now the story’s
complete”. There has always been
the ‘next interesting experiment to
do’. So I have found the whole
scientific research enterprise —
apart from having to apply for
money to do science — a lot of fun,
so much so that at times I cannot
believe I’m being paid to do it. I still
try not to take government funding
of my research, and good peer
review, for granted; it is the core of
my professional life.
I am not sure what kind of credit I
can give Yale for any research
success I might have had. But Yale
attracted good graduate and post
doctoral students, and I have been
especially lucky in having had
some of the very best in my lab. I
credit them with most of the major
discoveries made in my lab, some
coming from experiments I told
them not to bother doing. Our
recent work on intraflagellar
transport stems from a discovery
by a graduate student, Keith
Kozminski, working with my
colleague Paul Forscher. It blew me
away when I saw the first videos of
particles moving up and down the
flagellum. Kozminski showed that
intraflagellar transport is required
for both assembly and maintenace
of the flagellum; that was in 1993,
and it has been at the core of our
research ever since and has led us
into some new and exciting areas,
such as cilia as sensory organelles,
and their involvement in a variety of
human diseases. Intraflagellar
transport is now recognized as
essential for the assembly and
maintenance of almost all
eukaryotic cilia and flagella.
What technological advances
have been important for you?
We would still be working strictly
on the mechanism of assembly of
the flagella in the bi-flagellate alga
Chlamdymonas were it not for the
revolution in genomics. The cloning
and sequencinng of the genes for
the intraflagellar transport motility
process in Chlamydomonas, and
discovery of homologues in higher
organisms such as the nematode
Caenorhabditis elegans and
vertebrates, has led me and my
colleagues into a whole host of
human diseases that appear to
have at least some dependence on
the presence and proper sensory
and motility functions of cilia.
Prominent amongst these diseases
is autosomal dominant polycystic
kidney disease (adPKD), which is
dependent, at least in part, on the
proper functioning of polycystins 1
and 2, proteins present on the
membranes of primary cilia of
kidney tubule cells. If the cilia
cannot assemble or polycystins
cannot be transported to the cilia,
as a result of a mutation, one gets
adPKD. This is now called ‘the
ciliary hypothesis of PKD’. Other
diseases — for example, retinitis
pigmentosum, Beidet Bardel
syndrome, primary cilia dyskinesia
and situs inversus — have all been
related to defects in ciliary
assembly and function. It has been
exciting to watch a discovery made
in the basic cell biology of flagella
of a green alga, Chlamydomonas,
provide important new information
about human diseases. 
The other major advance that
has been critical for us is video-
enhanced differential interference
contrast imaging, as first shown by
Robert Allen and Shinya Inoue. We
never would have seen
intraflagellar transport without
these optical advances in imaging;
indeed, a century of observations
of flagella did not reveal it.
In hindsight, what in your
research career has given you
the most pleasure? When I
applied for my first NIH post
doctoral fellowship in 1963, I had to
fill out the usual section on
significance of my proposed
research on ‘cilia assembly in
protistans’ and its relationship to
human disease. I asked my thesis
mentor, George Holz, what I should
write in this section: all he said was
“rod outer segments and
blindness”. I had to go to the
library and do some reading to see
what he meant. Thirty five years
later, with Joseph Besharse,
George Witman and Greg Pazour
and our students, we were able to
publish a paper showing that
disruption of intraflagellar transport
in the mouse caused degeneration
of the retinal rod outer segment —
part of the cell assembled from the
distal portion of the rod cell
primary cilium, and maintained in
the mature rod cell by intraflagellar
transport in the connecting cilium
between the rod inner and outer
segments. I wish Holz had been
alive to see it.
I also take a lot of pride in the
students who have worked in my
laboratory for the past 37 years.
I’ve had a lot of real good ones,
most successful academics now,
and if I look back to what I regard
as the successes of my laboratory,
I can trace them to these students.
I still collaborate with some of
them, and as a matter of practice I
keep up on their career progress
until they get tenure, and
sometimes long after, as many of
them know.
What do you think are exciting
problems in your research area?
You mean, what would I really like
to know? For one, how do both
primary (nonmotile) and motile cilia,
which have a host of specific
channels and receptors on their
membranes, act as sensory
organelles, and how do they send
the signals they receive from the
environment back to the cell body?
Is intraflagellar transport directly
involved in this signalling? We have
new data that suggests it might be.
How do the multitude of
intraflagellar transport
polypeptides actually function? For
example, at the flagellar tip, how
do the intraflagellar transport
particles switch their motors from
kinesin to dynein, unload their
cargo of flagellar precursor
proteins, and pick up new cargo
from turnover at the tip to return it
to the cell body, with hardly a
pause? If one watches the rapidity
of the process, it is hard to imagine
so much going on at the tip. Yet
there are structures there, stuck
into the ends of the microtubules,
initially discovered by my student
Bill Dentler in 1977, that no one
knows anything about. 
Is it more than a coincidence
that the primary cilia in many cells
in G0/G1 phase resorb before the
cell can complete cell division —
does cell division depend in some
way on cilia resorption? What
controls cilia/flagellar length, and
why does the cell specifically up-
regulate only the genes for ciliary
proteins (over 200 of them) when
cilia are detached or experimentally
shortened; when cilia reach full
length this specific
transcription/translation rapidly
falls to constitutive levels. What a
marvelous system for studying the
control of organellar protein
synthesis, especially with the new
genetic and genomic tools now
available for Tetrahymena and
Chlamydomonas!
I am 71 years old, but I don’t
think I’m going to lose interest in
my research for a while, and I’m
certainly not thinking of retiring —
not with all these fascinating
problems to work on!
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Essay
Is the key to
conservation
changing ethical
values or policing
unethical
behavior?
P. Kareiva
As long as they have been plying
their craft, artists and writers have
dwelled on man’s greed and
selfishness. While it is not
surprising that human character
flaws are a central theme in the
arts, one does not usually think of
talk about the human character as
a subject for scientists. But human
morality and behavior is in fact
crucial to everything from ocean
fishing, to sustainable forestry and
human population growth.
Perhaps this does not sound like a
shocking idea now, but it was very
controversial almost 40 years ago,
when Garret Hardin published an
astonishingly influential paper
entitled ‘“Tragedy of the
Commons” [1]. Hardin’s paper has
become perhaps the single most
cited essay in conservation and
environmental science; Google
Scholar
(http://scholar.google.com)
records 1723 citations of this
article, which is at least a thousand
more citations than I could find for
any other foundational ecology
paper.
In Hardin’s essay, a ‘commons’
is an unregulated public pasture
on which citizens of a town can
graze their livestock. It is in each
citizen’s best interest to add
another animal to graze on the
commons even though the
reduction in forage harms the herd
as a whole. The inexorable
ratcheting up of the herd on the
pasture eventually leads to
overgrazing and the destruction of
the commons. This parable
reflects the propensity of people to
over-utilize and eventually deplete
any unregulated public resource
whether it be land, clean air, or fish
